Some people may take excessive tryptophan as a supplement in the expectation that the tryptophan metabolite, melatonine, will help to induce sufficient sleep. We investigated the basis for a useful index to assess the risk of a tryptophan excess. Young rats were fed on a 20% casein diet with 0, 0.5, 1.0, 2.0 or 5.0% added tryptophan for 30 d the apparent toxicity and growth retardation was observed in the 5.0% tryptophan-added group. Metabolites of the Tryptophannicotinamide pathway and such intermediates as kynurenic acid (KA), anthranilic acid (AnA), xanthurenic acid, 3-hydroxyanthranilic acid and quinolinic acid in 24-h urine increased in a dose-dependent manner. Of those metabolites and intermediates, the urinary excretion of KA progressively increased, and that of AnA dramatically increased in the 2.0 and 5.0% tryptophanadded groups. The urinary excretory ratio of AnA/KA was a high value for both the groups. These results suggest that the urinary ratio of AnA/KA could be a useful index to monitoran excessive tryptophan intake.
Nicotinamide (Nam), serotonin and melatonin are important bioactive compounds derived from the essential amino acid, tryptophan (Trp). [1] [2] [3] Nicotinamide is concerned with metabolism as a coenzyme; serotonin is involved in relieving pain, in hypnosis, and in tranquilizing as a neurotransmitter; and melatonin is a pineal hormone that is involved in the rhythm of sleep. Trp is widely available on the market as a supplement for its metabolites' effects on maintenance of health. Taking such a supplement too much may result in an excessive intake, and Trp is one of the most toxic amino acids. 4) Its LD50 value was 1.6 g/kg of body weight when injected intraperitoneally into rat. 5) Its adverse effects are ataxia, tremors, diaphoresis, blurred vision, dry mouth, muscle stiffness, palpitations, and urticaria.
6) The tolerable upper intake level (UL) of Trp by humans is not well known, and this level in humans cannot be determined with human subject due to ethical considerations. The establishment of a biomarker for showing a large amount of Trp intake will be useful to prevent excessive Trp intake and its adverse effects. We investigated in the present study the effects of an excessive Trp intake on Trp-nicotinamide (Nam) metabolism and Trp degradation metabolism to identify the metabolic change.
We also show the urinary excretory ratio of anthranilic acid (AnA)/kynurenic acid (KA) as an index for a large amount of tryptophan intake.
Materials and Methods
Chemicals. Vitamin-free milk casein, sucrose, Lmethionine, gelatinized cornstarch, Trp, Nam, and quinolinic acid (QA) were purchased from Wako Pure Chemical Industries (Osaka, Japan). KA, xanthurenic acid (XA), 3-hydroxyanthranic acid (3-HA), and N 1 -methylnicotinamide chloride (MNA) were purchased from Tokyo Kasei Kogyo (Tokyo, Japan). N 1 -methyl-2-pyridone-5-carboxamide (2-Py) and N 1 -methyl-4-pyridone-3-carboxamide (4-Py) were synthesized by the methods of Pullman and Colowick 7) and Shibata et al., 8) respectively. The mineral (AIN-93-G-MX) and nicotinic acid-free vitamin (AIN-93-VX) mixtures were obtained from Oriental Yeast Kogyo (Tokyo, Japan). All other chemicals used were the highest purity available from commercial sources.
Animals and diet. The care and treatment of the experimental animals conformed to the University of Shiga Prefecture guidelines for the ethical treatment of laboratory animals. Twenty male Wistar rats (3 weeks old obtained from Clea, Japan) were divided into five groups of four rats each, and placed in an individual metabolic cage (CT-10 for rats; Clea). One of the groups was fed with a 20% casein diet as a control, and the y To whom correspondence should be addressed. Fax: +81-749-28-8499; E-mail: kshibata@shc.usp.ac.jp Abbreviations: Trp, tryptophan; AnA, anthranilic acid; KA, kynurenic acid; XA, xanthurenic acid; 3-HA, 3-hydroxyanthranilic acid; QA, quinolinic acid; ACMS, -amino--carboxymuconate-"-semialdehyde; AMS, -aminomuconate-"-semialdehyde; Nam, nicotinamide; MNA, N 1 -methylnicotinamide; 2-Py, N 1 -methyl-2-pyridone-5-carboxamide; 4-Py, N 1 -methyl-4-pyridone-3-carboxamide; Sum, Nam+MNA+2-Py+4-Py; ACMSD, aminocarboxymuconate semialdehyde decarboxylase; QPRT, quinolinic acid phosphoribosyltransferase others were fed with a 20% casein diet supplemented with 0.5, 1, 2 or 5% Trp (Table 1 ). All animals were allowed free access to food and water. The animal room was maintained at a temperature of about 20 C with 60% humidity and a 12-h light/12-h dark cycle (light on at 6:00 a.m.). The body weight and food intake were measured daily at around 9:00 a.m., and food and water were renewed daily. The experimental period was for 30 d. Urine samples (10:00 a.m.-10:00 a.m.; 24-h urine) were collected in a conical beaker containing 1 ml of 1 M HCl on the last day of the experiment. The urine samples were stored at À20 C until needed.
Analysis. The urinary content of Nam, 2-Py and 4-Py was simultaneously measured by the HPLC method of Shibata et al., 8) and that for MNA by the method of Shibata.
9) Urinary concentration of 3-HA was measured by the HPLC method of Shibata and Onodera, 10) while the urinary concentration of KA was measured by the method of Shibata.
11) The urinary concentration of XA was measured by the method of Shibata and Onodera, 12) and QA was measured by the method of Mawatari et al.
13)
Statistical analysis. Each value is expressed as the mean AE SEM. The statistical significance was determined by ANOVA and subsequent Tukey-Kramer multiple-comparison tests. Differences of P < 0:05 were considered to be statistically significant. Prism 4.0 (Graph Pad Software, San Diego, CA, USA) was used for all analyses.
Results

Effect of excessive Trp intake on the body weight gain and food intake
The food intake and body weight gain are shown in Fig. 1 . The food intake and body weight gain of the rats fed with the 5% Trp supplemented diet were lower than the other groups from day 4, The value for the other Trp Male rats of the Wistar strain (3 weeks old) were obtained and immediately placed in individual metabolic cages. , control diet group; Â, 0.5% Trp supplemented diet group; , 1% Trp supplemented diet group; , 2% Trp supplemented diet group; , 5% Trp supplemented diet group. Each value is the mean AE SEM of four rats. A different letter on the curve indicates a significant difference at p < 0:05, as determined by Tukey-Kramer multiple comparison test.
supplemented groups being no different from the control group throughout the experiment.
Effect of an excessive Trp intake on Trp-Nam metabolism
The effect of excess Trp on Trp-Nam metabolism is shown in Fig. 2 . The urinary excretion of such Trp catabolites as KA, XA and 3-HA increased according to the intake of Trp. Although the excretion of QA was also increased in a dose-dependent manner, its content was at the same level in the 2% and 5% Trp supplemented groups. The sum of the metabolites Nam, MNA, 2-Py and 4-Py was the same in the 1%, 2% and 5% Trp supplemented groups.
Interestingly, the urinary excretion of AnA dramatically increased in the 2% and 5% Trp supplemented groups (Fig. 3) . This increased level of AnA was 308 times with the 5% Trp supplemented group compared to the control group. Kynureninase, which is converted to AnA from kynurenine, did not change (data not shown).
Effect of excessive Trp intake on urinary excretory ratio of AnA/KA, AnA/XA and AnA/3-HA
The urinary excretory ratios of AnA/KA, AnA/XA and AnA/3-HA for the 5% Trp supplemented group were 83, 20 and 16 times higher than the respective control group ratios (Table 2 ). These ratio for the 2% Trp supplemented group were 5.5, 3.4 and 3.6 times higher than the respective control group ratios. However, the excretion ratios were at the same level between the 0.5% and 1% Trp supplemented and the control groups.
Discussion
Trp has appeared on the market to treat sleep disorders, 14, 15) and consequently, there is the risk of an excessive intake. It is therefore important to provide a useful index that will monitor an excessive tryptophan intake. Nutrient metabolite ratios change in urine in the case of an excessive nutrient intake. Our previous study has shown the effect of Nam when the nutrient intake exceeded the tolerable level. For example, when rats were fed with a diet containing different amounts of Nam, metabolic changes was observed; the urinary excretory ratio of (2-Py + 4-Py)/MNA was markedly reduced by a diet containing more than a tolerable intake of Nam. [16] [17] [18] We thought that an excessive Trp intake would also induce metabolic change which would be reflected in urinary excretion. Thus, we investigated the Trp-Nam metabolism in rats fed with a diet containing excessive Trp. Trp-Nam metabolites and metabolic changes might provide an index for the excessive intake of Trp.
In the present experiment, the urinary excretion of such Trp catabolites as KA, XA and 3-HA increased according to the intake of Trp (Fig. 2) . Thus, the enzyme activity related with the conversion of Trp to 3-HA Each value is expressed as the mean AE SEM of four rats, and in numbers parentheses are the relative to a control value of 1.
might be sufficient to metabolize a diet containing up to 5% Trp. QA is formed from ACMS and ACMS is formed from 3-HA. The reaction from 3-HA to ACMS is catalyzed by 3-hydroxyanthranilic acid oxygenase (3-HAO) whose enzyme activity is extremely high (715 AE 20 mmol/h/g of liver). In this study, we did not measure ACMS, although ACMS formation might increase because 3-HA was increased by an excessive Trp intake. The excretion of QA increased with increasing Trp intake up to 2%, but was almost the same form in the 2% and 5% Trp diet groups (Fig. 2D) . This means that the activity of the enzyme, aminocarboxymuconate semialdehyde decarboxylase (ACMSD), was also increased which metabolizes -amino--carboxymuconate-"-semialdehyde (ACMS) to -aminomuconate-"-semialdehyde (AMS) (the bold line in Fig. 4) . The Trp-ACMS pathway branches at this metabolite; one branch is the reaction from ACMS to AMS catalyzed by ACMSD, and the other is the reaction from ACMS to QA by spontaneous autocyclization. The activity of ACMSD would be induced by Trp because it has been reported that ACMSD activity was altered by various nutritional factors and chemicals in vivo. 14, 15, 17, 19) The sum of the metabolites, Nam, MNA, 2-Py and 4-Py, was almost the same in the 1%, 2% and 5% Trp diet groups, which showed that the metabolism of QA to nicotinic acid mononucreotide was saturated in the 2% Trp diet group or the metabolite of ACMS to AMS was accelerated as already mentioned. Quinolinic acid phosphoribosyltransferase (QPRT) metabolized QA to NaMN. Rao et al. 18) have reported that QPRT was the limiting with the rate enzyme on the Trp-Nam pathway in rats. 20) Therefore, QPRT reached the limiting rate with the 2% Trp diet. We can explain these metabolic changes by enzymatic conversion.
Interestingly, the urinary excretion of AnA sharply increased above 2% Trp in the diet (Fig. 3) , although KA, 3-HA and XA increased with increasing Trp intake. We cannot clearly explain why the excretion of AnA increased in this way. The Km for the value enzyme might be able to explain this result. The Km value for kynureninase, which catalyzes the reaction of kynurenine to AnA is 2:4 Â 10 À4 M. The Km value for kynurenine-3-hydroxylase, which catalyzes the reaction of kynurenine to 3-hydroxykynurenine, is 2:3 Â 10 À5 M, and the Km value for kynurenine amino transferase, which catalyzes the reaction kynurenine to KA, is 8:8 Â 10 À4 M (Fig. 4) . Little AnA may be formed with intake of the in 1% Trp diet, but with intake of the 5% Trp diet, AnA formed might become extremely high (Fig. 4) . Although the Km value is the same, the Kynurenine to KA reaction did not become extremely strong because this reaction may be complex. However, the synthesis of AnA increased by 25 and 308 times in the 2% and 5% Trp diet groups compared to the control Non-enzymic This whole metabolic pathway exists only in the liver.
group although liver kynureninase, which is involved in the reaction of kynurenine to AnA did not change (data not shown). The reaction of kynurenine to 3-hydroxykynurenine is also involved in AnA formation, because a decrease in this reaction caused kynurenine to increase. Therefore, the increased urinary excretion of AnA was not attributable to any changes in the enzyme activities involved. We could not clearly explain why the excretion of AnA increased in the rats fed with the 2% and 5% Trp diets. But, Urinary excretion of AnA shows that extremely increase appeared lower level of adverse effect. We thought this might be able to be used as a bio marker. Excess Trp intake is able to known by the daily amount excretion of AnA, but if we use metabolite of dependent on the Trp intake, it becomes easy. We calculated some ratios of AnA/some Trp metabolite. As Table 2 shows, the urinary excretory ratios of AnA/KA, AnA/XA and AnA/3-HA in the 2% and 5% Trp diet groups were higher than simple dose-dependence. When using the excretion ratio as a useful index to prevent excessive tryptophan intake, a spot test of urine can be used for the evaluation. Among the three ratios, the change in AnA/KA was the greatest. However this needs further examination because, in practice, we do not know when Trp metabolites appear in the urine.
In conclusion, we propose the urinary excretory ratio of AnA/KA, as an index to mark the excessive intake of Trp in rats. We want to study In the future whether it is possible to adapt this index.
